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(57)Abstract: 

PROBLEM TO BE SOLVED: To improve the cycle 
lifetime by charging a battery, of which capacity is 
consumed by the predetermined quantity, after 
discharging this battery to a voltage lower than the open 
circuit voltage at the time of consumption before 
starting charging. 

SOLUTION: On the surface of a negative electrode 12 
after charging a dendrite 1 1 is formed. (Fig, (a)) When 
the consumption progresses, the dendrite 1 1 is eluted in 
the electrolyte, and voltage is gradually lowered. 
Thereafter^ discharging regulating voltage is detected 
and the consumption is concluded, but at this stage, a 
base part of the dendrite 1 1 is left and a part of the 
surface of the negative electrode 12 is eluted. (Fig. (b)) 
When charging is performed in a conventional way, 
lithium is concentrically deposited in an end of the left 
dendrite 13 and a recessed part 14 of the negative 
electrode, and quantity of the lithium, which can be 
charged and discharged, is reduced. (Fig. (c)) On the 
other hand, with this method for charging and discharging since discharging is performed to a 
voltage lower than the open circuit voltage at the time of consumption at least 70%. the 
dendrite, which is not eluted and left, can be eliminated as much as possible, and the reduction 
of lithium, which can be charged and discharged, is avoided. 
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JPO and NCI Pi are not responsible for any 
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1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The method of charging the nonaqueous electrolyte rechargeable battery characterized by 
the thing which was made for this nonaqueous electrolyte rechargeable battery with which cell 
capacity was consumed at least 70 percent to discharge further before charge initiation in the 
nonaqueous electrolyte rechargeable battery which has the negative electrode, the positive 
electrode, and the electrolytic solution which consist of a metal lithium or a lithium alloy to an 
electrical potential difference lower than the open circuit voltage at the time of said consumption, 
and which back-charge. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the method of charging a nonaqueous electrolyte 
rechargeable battery. Furthermore, this invention relates to the method of charging the nonaqueous 
electrolyte rechargeable battery which can give a good cycle life in detail. 
[0002] 

[Description of the Prior Art] Since the nonaqueous electrolyte rechargeable battery which uses a 
lithium as a negative-electrode active material can realize the high voltage and a high energy 
consistency, much researches are made. However, it is not yet put in practical use. This reason 
originates in the reactant height which a metal lithium has. That is, a metal lithium reacts with the 
carbon dioxide gas in an ambient atmosphere, nitrogen, or moisture at the time of the manufacture, 
and uneven coats, such as a carbonation object, a nitride, or a hydroxide, are formed in a front face. 
When the metal lithium with which the uneven coat was formed is used as a negative-electrode 
active material of a nonaqueous electrolyte rechargeable battery, whenever it repeats charge and 
discharge, cell capacity falls. The uneven coat which exists in a metal lithium front face bars 
electrode reaction, and the fall of this cell capacity dissolves and deposits a lithium locally, and is 
considered to be for making a reversible low metal lithium form by that cause. Moreover, the 
depositing metal lithium has the gestalt of the arborescence generally called a dendrite, and this 
dendrite causes a short circuit between the forward negative electrodes inside a cell it not only 
reduces cell capacity, but, and it is known as a factor which reduces the safety of a rechargeable 
battery remarkably. 

[0003] In order to prevent the fall of the cell capacity accompanying the repeat of the 
above-mentioned charge and discharge, the approach of carrying out occlusion of the lithium into 
this compound and the approach of carrying out occlusion of the lithium ion to a carbon material are 
reported using the intermetallic compound which alloyed the lithium with aluminum, strontium 
(JP,61-32954,A), etc., and was formed. However, since the element which does not participate in a 
cell reaction by these approaches is arranged in a cell, the fall of cell capacity will be caused. 
Furthermore, since in the case of the intermetallic compound processing to an electrode 
configuration is difficult, therefore cost started, it was not used as an object for the main power 
supplies of an electrical machinery and apparatus. 

[0004] As an option which raises charge-and-discharge effectiveness, the method of performing 
initial predetermined discharge of time amount is reported by predetermined current density at the 
time of charge termination or discharge starting (JP.7-65867,A). Since the uneven coat which exists 
in the front face of a metal lithium before cell formation is removed according to discharge by this 
official report, the deposit gestalt of a metal lithium is improved and charge-and-discharge 
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effectiveness improves as a result. 
[0005] 

[Problem(s) to be Solved by the Invention] However, also by the approach indicated by the / 
above-mentioned official report, when a metal lithium was used for a negative electrode, the growth 
of a dendrite which poses a problem could not be controlled, but improvement in the further 
charge-and-discharge effectiveness was desired. 
[0006] 

[Means for Solving the Problem] Wholeheartedly, as a result of examination, the gestalt on the front 
face of a lithium considered that the artificer of this invention etc, had determined the life of the 
metal lithium as a negative-electrode active material, and when controlling by discharging further 
after detecting predetermined discharge voltage, surface gestalt, i.e., deposit gestalt, of a metal 
lithium, he found out that charge-and-discharge effectiveness could be raised, and resulted in this 
invention. 

[0007] According to this invention, in the nonaqueous electrolyte rechargeable battery which has 
the negative electrode, the positive electrode, and the electrolytic solution which consist of a metal 
lithium or a lithium alloy, the method of charging the nonaqueous electrolyte rechargeable battery 
characterized by the thing which was made for this nonaqueous electrolyte rechargeable battery 
with which cell capacity was consumed at least 70 percent to discharge further before charge 
initiation to an electrical potential difference lower than the open circuit voltage at the time of said 
consumption, and which back-charge is offered in this way. 
[0008] 

[Embodiment of the Invention] If the nonaqueous electrolyte rechargeable battery which can be 
used for this invention contains the negative-electrode active material which consists of a lithium, 
each well-known nonaqueous electrolyte rechargeable battery can be used for it. Below, a 
nonaqueous electrolyte rechargeable battery is explained still more concretely. First, a metal lithium 
and a lithium alloy can be used for the negative electrode which can be used for this invention. As a 
lithium alloy, lithium aluminum, lithium magnesium, etc. are mentioned, for example. These negative 
electrodes function also as a negative-electrode active material. In addition, it is desirable to use a 
lithium Magnesium alloy for a negative electrode. Furthermore, the lithium Magnesium alloy which 
contains magnesium 20 to 30% of the weight is desirable. 

[0009] On the other hand, a positive electrode consists of positive active material, an electric 
conduction agent, a binder, etc. as positive active material, the chalcogen ghost containing a lithium 
etc. mentions, for example — having — more — concrete — LiCo02, LiNi02, and LiMn02 etc, — it 
is mentioned. As an electric conduction agent, acetylene black, graphite, carbon, etc. are mentioned, 
for example. 

[0010] As a binder. Teflon resin, an ethylene-propylene-diene ternary polymerization object, etc. are 
mentioned, for example. Moreover, the positive electrode and the negative electrode may be formed 
on the charge collector which consists of metals, such as aluminum and copper, if needed. The 
electrolytic solution consists of an electrolyte and an organic solvent. 

[001 1] As an organic solvent, especially if it can be used for the electrolytic solution for nonaqueous 
electrolyte rechargeable batteries, it will not be limited. For example, propylene carbonate, a 
tetrahydrofuran, dimethyl sulfoxide, gamma-BUCHIRORA kuron. 1, 3-dioxolane, the 4-methyl -1. 
3-dioxolane, 1 , 2-dimethoxyethane, 2-methyl tetrahydrofuran, a sulfolane, diethyl carbonate, 
dimethylformamide, an acetonitrile, dimethyl carbonate, ethylene carbonate, etc. are mentioned. 
These organic solvents may be used combining, although it may be independent. 
[0012] As an electrolyte, especially if a lithium ion is formed in the electrolytic solution, it will not be 
limited, for example, LiPF6, LiCI04, LiBF4. LiAsF6, UAICI4, CF3 C02 Li, LiCFS SOS, and LiSbF6 etc. 
— it is mentioned. These electrolytes may be used combining, although it may be independent. 
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Furthermore, between a positive electrode and a negative electrode, in order to hold the electrolytic 
solution, and in order to prevent the short circuit of a positive electrode and a negative electrode, a 
separator may be formed. The quality of the material of a separator is not melted by the electrolytic 
solution, and if processing is an easy insulating material, it will not be limited especially. More 
specifically, porosity polypropylene, porosity polyethylene, etc. are mentioned. 
[0013] Any, such as cylindrical, a square shape, a carbon button mold, and a sheet mold, are 
sufficient as the configuration of a nonaqueous electrolyte rechargeable battery. The outline 
sectional view of the nonaqueous electrolyte rechargeable battery of a coin mold is shown in 
drawing 1 . This drawing 1 is explained briefly. First, in the container formed with a cell can (1 and 2), 
the electrolytic-solution maintenance material 5 and separator 6 holding a positive electrode 3, a 
negative electrode 4, and nonaqueous electrolyte are installed Moreover, the charge collector 7 is 
installed between the cell can 1 and the positive electrode 3. Moreover, a negative electrode 4 is 
installed on a charge collector 9, and the spring 8 intervenes between a charge collector 9 and the 
cell can 2. In addition, drawing 1 is mere instantiation and does not limit this invention. 
[0014] This invention charges in the procedure like a less or equal to the above-mentioned 
nonaqueous electrolyte rechargeable battery. First, the cell capacity of a nonaqueous electrolyte 
rechargeable battery makes it consume at least 70 percent. It could be at least 70 percent here 
because it increased more than the amount of a lithium at the death which the amount of a lithium 
produces by not performing the method of charging this invention at the death produced by 
constant-voltage discharge by this invention in the case of less than 70 percent. Furthermore, it is 
desirable that cell capacity makes it discharge 90 percent or more. Decision whether it consumed 70 
percent measures the open circuit voltage of the approach of determining the ratio of consumption 
quantity of electricity, and this cell, to quantity of electricity which charge of for example, this cell 
took, and although the approach of comparing the open circuit voltage at the time of 70-percent 
consumption etc. is mentioned, it is not limited to these. 

[0015] Next, it discharges further before charge initiation to an electrical potential difference lower 
than the open circuit voltage at the time of the above-mentioned consumption. An electrical 
potential difference lower than the open circuit voltage at the time of the above-mentioned 
consumption has the desirable range not more than discharge regulation 
electrical-potential-difference +0.5V, and its range which is discharge regulation 
electrical-potential-difference**0.1V is more desirable here. In addition, in the case of the range not 
more than discharge regulation electrical-potential-difference +0.5V. an electrical potential 
difference can improve charge-and-discharge effectiveness, without spoiling cell capacity. 
Furthermore, in the case of the range of discharge regulation electrical-potential-difference**0.1 V, 
an electrical potential difference lower than the open circuit voltage at the time of the 
above-mentioned consumption can prevent degradation of a positive electrode, while the maximum 
cell capacity is obtained, and it can improve charge-and-discharge effectiveness most. As an 
electrical potential difference lower than the open circuit voltage at the time of the concrete 
above-mentioned consumption, when a discharge regulation electrical potential difference is 3V, it is 
the range of 3.1 -2.9V preferably below 3.5V. Moreover, discharge until it becomes an electrical 
potential difference lower than the open circuit voltage at the time of the above-mentioned 
consumption is 0.1 mA/cm2. It is desirable to carry out under the following current density. 
[0016] Subsequently, the nonaqueous rechargeable battery which carried out [ above-mentioned ] 
discharge is charged. Especially as the charge approach, it is not limited but a well-known approach 
can be used. For example, 0.5 - 1 mA/cm2 Charging to a charge regulation electrical potential 
difference by the constant current of current density is mentioned. Here, a charge regulation 
electrical potential difference means the electrical potential difference at the time of a nonaqueous 
rechargeable battery being charged completely theoretically. In addition, it is desirable to perform 
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charge to charge regulation electrical-potential-difference +0.05V. 

[0017] Furthermore, the method of charging this invention is applicable also to the cell judged to be 
the completion of consumption by detecting a discharge regulation electrical potential 

difference in a common electrical machinery and apparatus. This is based on the following reason. 
That is, detection of ****** at the time of use of a nonaqueous electrolyte rechargeable battery is 
based on the cell voltage detected at the time of device use. The electrical potential difference 
which the reaction was advancing within the cell and was detected at the time of an amplitude 
measurement since the device was working shows the value by polarization resulting from a reaction 
lower than an actual electrical potential difference. Therefore, at the time of ****** detection, 
consumption of the active material in a part for the electrical potential difference based on this 
polarization and an electrode will not be completed completely, but a dendrite will exist. Therefore, 
generating of a dendrite can be controlled if the method of charging above-mentioned this invention 
is used in the case of such a cell. 

[0018] In addition, the discharge regulation electrical potential difference in this invention is a 
regulation electrical potential difference for opting for discharge termination of this cell by the 
device side which uses this cell based on the electrical potential difference at the time of a 
nonaqueous rechargeable battery ending discharge completely theoretically (namely, electrical 
potential difference at the time of an electrical potential difference falling rapidly in the discharge 
curve of the electrical-potential-difference-passage of time). Below, with reference to drawing 2 , 
the concept of the method of charging this invention is explained further. The negative electrode 
with which a dendrite and 1 2 consist of a metal lithium in 1 1 and 1 5. and 1 3 show the residual 
dendrite and the negative electrode with which 14 was eluted among drawing 2 , respectively. 
[0019] First, drawing 2 (a) is the outline sectional view of the negative electrode 12 after the n-th 
charge. As shown in this drawing, the dendrite 11 is formed on the surface of the negative electrode. 
Next, a dendrite 1 1 is eluted in the electrolytic solution and an electrical potential difference falls 
gradually as consumption progresses. Then, although consumption will be completed if a discharge 
regulation electrical potential difference is detected, the front face of a negative electrode 1 2 will be 
in the condition which shows in drawing 2 (b) at this time. That is, while the base of a dendrite 1 1 
remains as a residual dendrite 13, a part of negative-electrode 12 front face is also eluted (negative 
electrode 14 eluted among drawing). Since the value with the actually detected electrical potential 
difference low by polarization resulting from a reaction is shown, the base of a dendrite remains, 
because consumption is suspended, before it consumes an active material. 

[0020] In the former, in order to charge at a degree, like drawing 2 (c), a lithium deposits intensively 
in the edge of the residual dendrite 13, and the eluted crevice of a negative electrode 14, and it 
becomes a dendrite 1 5. Thus, in a conventional method, whenever it repeats charge and discharge, a 
dendrite will deposit mostly and finely, and the metal lithiums in which charge and discharge are 
possible will decrease in number. 

[0021] On the other hand, by the method of charging this invention, after drawing 2 (b), since it 
discharges until it becomes an electrical potential difference lower than the open circuit voltage at 
the time of at least 70-percent consumption, the front face of a negative electrode 1 2 becomes flat 
like drawing 2 (c)\ That is, the dendrite which remains without being eluted can be eliminated as 
much as possible. Therefore, reduction of the metal lithium in which charge and discharge are 
possible can be prevented. In addition, after drawing 2 (c)', if charge is performed, it will return to the 
condition of drawing 2 (a). 
[0022] 
[Example] 

The nonaqueous rechargeable battery which consists of the negative electrode which consists of an 
example 1 metal lithium, a positive electrode which kneaded by acetylene black as LiMn04 and an 
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electric conduction agent, and kneaded polytetrafluoroethylene (PTFE) by the weight ratio of 6:1:1 
as binders as positive active material, and the electrolytic solution made to dissolve one mol /of 6 
phosphorusHluoride acid lithiums in the equivalent mixed solvent of ethylene carbonate and diethyl 
carbonate I. was used. 

[0023] First, it is 0.66 mA/cm2 to the above-mentioned nonaqueous rechargeable battery. It 
charged to charge regulation electrical-potential-difference 4.3V by constant current. Subsequently, 
the constant-current discharge (discharge current 1 mA/cm2) which discharges further by constant 
current to depth-of-discharge XI % (XI is 20 - 100% of any value), constant-voltage discharge by 
discharge regulation electrical-potential-difference 3.0V, and 0.66 mA/cm2 Constant-current charge 
charged to charge regulation electrical-potential-difference 4.3V by constant current was made into 
1 charge-and-discharge cycle, and the cycle life Y1 (time) was measured. The relation between 
depth-of-discharge XI % and a cycle life Y1 (time) was shown in drawing 3 . In addition, a cycle life 
means the count of the repeat of charge and discharge when the cell capacity after charge turns 
into 80 percent of initial capacity. 

[0024] Example of comparison 1 0.66 mA/ cm2 The cycle life Y2 (time) was measured like the 
example 1 except making constant-current discharge into 1 charge-and-discharge cycle as 
discharge regulation electrical-potential-difference 3.0V with the constant-current charge charged 
to charge regulation electrical-potential-difference 4.3V by constant current. In addition, depth of 
discharge was made into X2 % (X2 is 20- 1 00% of any value), and the relation between 
depth-of-discharge X2 % and a cycle life Y2 (time) was shown in drawing 3 . 

[0025] By the cell which performed deep discharge (consumption of 70 percent or more) to which 

depth of discharge becomes 70% or more, by using the charging method indicated by the example 1 

showed that a cycle life improved the passage clear from drawing 3 . On the other hand, since the 

cell of the example 1 of a comparison is not discharging to the actual condition to 3.0V, the lithium 

which was not able to be eluted remains and it is considered that the cycle life decreased. 

[0026] The cycle life was measured like the example 1 except setting example 2 discharge regulation 

electrical-potential-difference B (V) to 1.5, 2. 2.5. 2.9, 3, 3.1, 3.5, and 3.7. The result was shown in 

Table 1. 

[0027] 

[Table 1] 







B (V) 




1 . 5 


4 0 


2 


4 9 


2. 5 


8 7 


2, 9 


6 7 


3 


6 8 


3. I 


6 5 


3. 5 


5 5 


3, 7 


3 0 



[0028] As for Table 1 . the discharge regulation electrical potential difference shows that a good 
cycle life is acquired at the time of 3.5-1. 5V. When this reason makes a discharge regulation 
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electrical potential difference high, under an electrical potential difference lower than a discharge 
regulation electrical potential difference, not the discharge current but the charging current will flow. 
Therefore, with a negative electrode, a dendrite will grow on the contrary and is considered that a 
cycle life falls. On the other hand, if a discharge regulation electrical potential difference is made 
low, it will be in an overdischarge condition, and since a positive electrode elutes and deteriorates, it 
will be thought that a cycle life falls. Furthermore, it turned out that the electrical potential 
difference of the range not more than 3.0V(discharge regulation electrical potential difference)+0,5V 
gives a good cycle life, and gives a cycle life with the best electrical potential difference of the range 
of 3.0V(discharge regulation electrical potential difference)**0.1 V further. 

[0029] The cycle life as well as an example 1 and the example 1 of a comparison was measured 
except using the lithium Magnesium alloy which contains magnesium 25% of the weight as example 3 
and example of comparison 2 negative electrode. The result was shown in Table 2. In addition, the 
example 1 and the example 2 of a comparison are equivalent to the example 1 of a comparison for 
the example 3, respectively. 
[0030] 



[Table 2] 






wn^&<3r) 8 »m<D 
^^^n.m'i^ (0) 




^^^j^m^ cm) 




I 3 4 


1 3 9 


1 4 2 




9 


1 2 


i 3 9 



[0031] From Table 2, the method of charging this invention found that it was desirable to use the 

negative electrode which consists of a lithium Magnesium alloy. 

[0032] 

[Effect of the Invention] The method of charging the nonaqueous electrolyte rechargeable battery of 
this invention is characterized by the thing which was made for this nonaqueous electrolyte 
rechargeable battery with which cell capacity was consumed at least 70 percent to discharge , 
further before charge initiation to an electrical potential difference lower than the open circuit 
voltage at the time of said consumption and which back-charge in the nonaqueous electrolyte 
rechargeable battery which has the negative electrode, the positive electrode, and the electrolytic 
solution which consist of a metal lithium or a lithium alloy. According to this approach, the cycle life 
of a cell can be raised. 

[0033] furthermore, a desired electrical potential difference — the range not more than discharge 
regulation capacity +0.5 V — if it is the range of discharge regulation capacity**0.1 V more 
preferably, a cycle life can be raised more. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 11 It is the outline sectional view of the nonaqueous electrolyte rechargeable battery of a 
coin mold. 

[Drawing 2l It is the conceptual explanatory view of the method of charging this invention. 
[Drawing 31 It is the graph which shows the depth of discharge of an example 1 and the example 1 of 
a comparison, and the relation of a cycle life. 
[Description of Notations] 

I Two Cell can 

3 Positive Electrode 

4 12 Negative electrode 

5 Electrolytic-Solution Maintenance Material 

6 Separator 

7 Nine Charge collector 

8 Spring 

I I and 1 5 are a dendrite. 

13 Residual Dendrite 

1 4 Eluted Negative Electrode 
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